The length of broiler production cycle is also an important factor when profitability is measured. 
Introduction
Poultry are kept in most areas of the world and provide an acceptable form of animal protein to most people throughout the world. Intensively kept broiler is seen as a way of rapidly increasing animal protein supplies for rapidly increasing urban populations. Broilers are relatively low priced, reproduce rapidly, and have a high rate of productivity (FAO, 1999) . Broiler production is characterized by its high economic return due to its short production cycle, where the production cycle of broiler takes 6-7 weeks meanwhile the production cycle of bovine takes from 3 to 12 months. Therefore the capital cycle is very rapid in EP 2014 (61) 3 (633-646) László Szőllősi, István Szűcs, András Nábrádi the case of broiler production as compared with the capital cycle in other types of animal production. In the case of broiler production the capital cycle can be repeated 6-7 times a year (Grepay, 2009 ).
The sales price of broiler products and the price of feed, determining the major cost item (Horne, 2013) , the costs of feed changed unfavourably during the previous period. It is necessary to emphasize the significant volatility of the price of feed materials (Rezitis, Stavropoulos, 2009 ), which is a major uncertainty factor for the poultry sector. Today competitive broiler production cannot be conceived without the thorough knowledge of the affecting determinant factors and their effective applications (Zoltán, 2010) . Besides the improvement of production parameters, the efficient exploitation of available resources, e.g. useful floor areas are of key significance.
Genetic improvement, in addition to maximizing live performance in poultry production, has allowed a reduction of age to market. Every year the marketing age of broilers decreases by an average of 0.75 days for the same performance (Gunasekar, 2006) . According to Ziggers (2013) , in 2020 the Ross 308 broiler will grow to 2.3 kg in 34 days with a feed conversion ratio (FCR) of 1.37. Currently in New Zealand male broilers already reach 2 kg bodyweight in 28-30 days with an FCR of 1.4.
Zoltán (2010) underlines that market demands and economic potentials do not determine merely the volume of activities and their cost-benefit relations, but also the used type and body weight along with market age, the method of processing, product types and packaging. During the last decades, eating habits have globally changed, with a strong preference for meat cuts and processed meat, and consequently the market of chicken cuts has exceeded the whole-bird market (Schmidt, 2008) . Popp (2014) claims that in the coming ten years chicken meat will remain the most favourite and cheapest meat, satisfying consumer demands in the form of chicken cuts. This has led to later-finishing birds for the production of commercial cuts because larger birds present higher yield and higher added value (Schmidt, 2008 ).
An aspect of measuring profitability that is often forgotten is that of time, but time also has an effect on the biological efficiency of the bird (Kleyn, 2002) . Thus in addition to several other factors, the profitability of broiler production is also affected by the number of annual cycles as well. Cycle length is also an important factor when the annual return from the broiler business is considered. Extending cycle length will increase the return per bird, whereas, shortening the grow-out time will increase the number of harvests per year (Samarakoon, Samarasinghe, 2012) . The number of annual cycles is influenced, on one hand by the length of the down-time period (the period when the floor area is empty) between rotations; on the other hand, the length of the production period of one turn (Aliczki, Bárány, 2013) . The former is the period spent on leaning, disinfection and resting while the latter is the function of desired body weight and daily weight gain. Kleyn (2002) pointed out that a 38-day grow-out with an 11-day down-time would lead to an extra harvest per year compared to the traditional practice of 42-day cycles with 14-day intervals. The yearly number of broiler production cycles can be calculated by the following equation:
where, Broilers should be sold at an optimal weight. More profit can be achieved if broilers can be sold at an optimal market weight and meet consumer preferences and market needs (Wang et al., 2012) . Increasing the slaughter age is advantageous for processors because it provides highly meaty animals. However, the effects on profit, meat product quality, the environment, and animal welfare have been little investigated (Baéza et al., 2011) . Goliomytis et al. (2003) made a study to investigate the growth pattern of chickens beyond the common slaughter age of 42 days to maturity. Schmidt (2008) carried out a study in an integrated company to evaluate live and economic performance of broilers as a function of market age. Baéza et al. (2011) made a study to evaluate the effects of increasing slaughter age on technical and economic factors, including production efficiency and environmental costs, bird welfare, and breast meat quality in a modern heavy broiler line. Samarakoon, Samarasinghe (2012) made a survey to determine the most profitable grow-out period for broilers using different cost related performance indices. Wang et al. (2012) developed a computer simulation model to evaluate the optimal market age of broilers.
Bodyweight at slaughter increased progressively with age. Net gain, which takes into account both the feed and rearing costs, reached a maximum between 42 and 49 days of age, and then decreased (Baéza et al., 2011) . The results of Goliomytis et al. (2003) showed that live bodyweight was rapidly increasing until 44 days of age only, at which maximal growth rate was attained. Beyond this age, growth rate declined and approached zero at maturity.
Feed consumption increased until 84 days of age. The cumulative feed conversion grew at a decreasing rate, but continuously with increasing age (Goliomytis et Baéza et al. (2011) pointed out the meat yield increased regularly with age at slaughter. However, estimation of the net gain based on the amount of chickens produced in relation to feed and other production costs was optimal at 42 days of age. According to Schmidt (2008) , the net gain reached a maximum between 42 and 49 days of age, and then decreased. It highlights the limitations of increasing broiler age beyond 49 days, mainly because of increased mortality and decreased feed efficiency which both affected the economic efficiency of broiler meat production.
EP 2014 (61) 3 (633-646) László Szőllősi, István Szűcs, András Nábrádi Schmidt (2008) summarized the findings and claimed that increasing market age significantly affects production efficiency, which may result in higher production costs. Taking into account the main aspects of sustainability (economic and environmental), Baéza et al. (2011) recommended slaughtering chickens at 42 days of age.
The time-related development of indices does not reveal linear correlations between day of life and efficiency. Daily weight gain grows at a decreasing rate as a function of time, reaches its maximum value between 35-42 days of life and then starts to decrease. Simultaneously, specific feed utilization grows proportionately with the growing age of chickens. At the beginning of the production period, a significant amount of energy is used for growing but later most of it is used for subsistence. Although feed intake for chickens increases as time passes and their body weight gets higher, less and less feed intake energy is needed for weight gain (Zoltán, 2010) . These correlations are worth considering especially chickens are to be marketed with higher body weight. On one hand, possible failures during the production period emerge more markedly if body weight is higher; on the other hand, the appropriate utilization of capacities and the number of cycles are also key economic issues.
Therefore, this study aimed at determining the effects of different market ages and different down-time period, overall broiler production cycle length on performance and economic parameters based on Hungarian production and financial circumstances.
Materials and methods
A deterministic simulation model was established for the examination of the cost and income situation of broiler production. Different technological and economic input parameters were used for the model (Table 1) . Technological parameters included the technical efficiency indicators of production in which the base values were calculated from farm-level data. The economic parameters contained the Hungarian input and output prices of production as well as its unit cost items relating to the year of 2012.
The simulation model shows the function-like relations expressing the development of age-related daily bodyweight gain, daily feed intake and daily mortality. To determine the parameters of the function we have built on the performance (Aviagen, 2012) identified by ROSS 308 hybrid producers. The standard in Ross 308 broiler as-hatched performance is the achievement of 2.77 kg live weight with an FCR of 1.72 at 42 days of age in recent times (Aviagen, 2012). Average farm level data in our study failed to reach this value; daily weight gain is about 7% and daily feed intake is 3% lower: 2.59 kg live weight with an FCR of 1.88 at 42 days of age. Performance data broken down into days of life, published by Aviagen (2012), (daily weight gain, daily feed intake) were corrected according to these differences and a trend function was fitted to the data. Accordingly, the following correlations were used for modelling: Daily mortality was determined on the basis of the mean value of farm level data by function fitting which can be divided into 3 phases:
Where, DM 1-7d : Daily Mortality between 1-7 day of age (%), A: age in days.
Where, DM 8-41d : Daily Mortality between 8-41 day of age (%), A: age in days.
Where, DM 42-49d : Daily Mortality above 42 day of age (%), A: age in days.
According to Esmail (2013) , there are many factors (flock size, stocking rate, temperature, lighting, feed and water factors, etc.) which affect feed intake, bodyweight gain and mortality of chickens and hence determine the efficiency of broiler production. This study is beyond the scope of evaluating these factors' effects, so the before mentioned functionlike relations are regarded as constants.
The output parameters of the model include production efficiency indicators, economic indicators per production and capacity units which were determined for a cycle and for one year as well.
According to Wang et al. (2012) the highest EPEF value gives the optimum return, and the best slaughtering age is the day where the highest EPEF as well as the lowest FCR is achieved. However, our objective in broiler production is to measure profit per production unit, in this case per m 2 of house space per unit time (Kleyn, 2002; Samarakoon, Samarasinghe, 2012) . So, yearly net income per m 2 was used to measure economic performance as a function of broiler production cycle length.
Results and discussion
In Hungary, the production period is usually 42-44 days. The length of the production period and final bodyweight is responsive to market demands. With 42-day production and 14-day downtime periods the annual rotation is 6.5. If this period is shorter, space utilization, specific feed utilization and the volume of produced meat/m 2 are more favourable and similarly, the fixed costs per one kg of production decrease. When rotation is planned, the period of time required by stock changes (cleaning, floor area preparation) is to be taken into consideration, because it remains constant irrespective of the length of the production period. The floor area should be prepared for the next livestock as fast as possible. However, this process has got its biological limitations.
It should be emphasized that poultry industry and market features, due especially to the lower volume of slaughter during the Christmas and New Year periods are difficult to calculate precisely. The number determined by theoretical calculations could be merely workable if the activities of chick transporting and slaughtering-processing plants could be precisely coordinated with chick placement and slaughter periods. However, such "fine tuning" fails to work in practice, even in integration. At the same time, participation in integration can provide better potentials for programming and planning.
Economic effects of down-time period length
Under Hungarian climatic conditions, with our available technical background and management potentials, broiler producers have 10-14 day long down-time periods. Due to the volatility of programming day-old chick and slaughter chicken transport 7 cycles rarely take place annually. Most frequently, more than 50% of broiler producers rear 6.2-6.4 rotations annually. 6.5-6.8 turns are realizable for 20-25% of producers, the rest of them raises less than 6 cycles and exclude one-two winter cycles.
The following part of our paper strives to demonstrate the effects of down-time period on the development of economic markers. On one hand, down-time period is measured by the length of the down-time period, on the other hand by the excluded winter cycle. We have prepared three model calculations for the investigation. In the first one we used a shorter, 10-day long down-time period. In the second one a 14-day long period was supposed. In the third one we calculated with a 14-day long period and 1 excluded winter cycle. On average, supposing a production period of 42 days and a down-time period of 14 days, annually 6.5 cycles can be completed. Given a shorter, 10-day long period with constant production period, the number of annual cycles can be increased to 7. With a down-time period of 14 days and 1 excluded winter turn the number of realizable rotations is 6. As for cash-flow, revenue and expenditure in rotations do not emerge on a pro-rata basis; however, incurred costs and realizable income can be managed on a pro-rata basis from the viewpoint of evaluating the distribution of income and expenditure. We considered this economic principle in the assessment of the economic results of cycles without whole numbers. Figure 1 summarizes production costs, revenues and incomes that can be calculated with various down-time periods on an annual basis. Fixed costs (wages, social contribution, amortization and general costs) do not change in correlation with down-time and thus with the number of cycles annually. However, variable costs and revenues show changes. Given a shorter down-time period, production costs increase by 7.1% (18.17 EUR/m 2 /year). If, however down-time is longer, production cost falls by 7.1%. In addition to costs, the length of down-time periods also affects the amount of revenue. If the down-time period is shorter, revenue increases by 7.7%, if it is longer, revenues decrease by 7.7%. The variability of costs and revenues also changes linearly with the volume of attainable income. If the down-time period is decreased by four days, the attainable net income will increase by 21.3% Differences of length in the down-time period of floor areas per 100 kg live weight can also be observed if annual data are considered. Table 2 summarizes specific economic figures. Variable costs show no specific changes in relation to the length of the down-time period. Such kind of variable costs are chick, animal health and energy costs. By contrast, the development of fixed costs per a unit of live weight is affected by the live weight produced on an annual basis and produced live weight is influenced the number of cycles. Accordingly, with a shorter down-time period specific production costs decrease by 0.55% (0.51 EUR/100 kg). Due to this, the net income per a unit of product increases by 12.7%. Given a longer down-time period, costs specifically increase by 0.64% (0.57 EUR/100 kg), which can reduce the net income of 100 live weight by 14.8%. Source: own calculation.
In the case of a 7 day down-time period (7.4 annual cycles) the production cost is 88.26 EUR/100 kg. By contrast, in the case of a 16 day down-time period (number of annual cycles 6.3) production cost increases to 89.35 EUR/100. It means that once the down-time period is increased by one day, specific costs grow by EUR 0. 
Economic effects of slaughter age
Following the introduction of the impact of the length of the down-time period the effects of the length of the production period on the division of income in broiler production are to be investigated. The length of the production time exerts a fundamental impact on final body weight and thus on the average weight, average daily weight gain plotted against the curve of body weight gain, the volume of utilized feed plotted against the feed intake curve and consequently specific feed utilization and mortality rate. The increase of stocking density (live weight on one m 2 ) related to the length of the production period above the optimal level (regarding animals' well-being) can, on one hand, negatively influence the development of production indices; on the other hand, the maximum value stipulated by the EU 42 kg/m 2 shall not be exceeded. Our calculation considered these latter factors set against the variation of mortality rate, with constant placement density. Due to professional reasons, the removal of 3 birds on day 36 th to improve stocking density was merely applied if the production period was 39 day long or longer. conditions, economic profit evaluated through the net gain reached a maximum at 42 days also. Consequently, this optimal condition is to be provided in practice. It is evident that after 42-43 days income falls sharply; moreover, the production becomes loss-making after day 50. Revenues, in contrast to the progressive growth of body weight, show a degressive growth pattern due to the growing rate of mortality. Simultaneously, costs rise continuously as a function of production time. Table 3 . Average bodyweight, average daily weight gain and yield increased degressively with age. By contrast, FCR and mortality increased progressively with age. EPEF, which expresses the overall production profile decreased progressively with age. Production cost per a unit of production first decreases and then increases as a function of age. The lowest value (89.08 EUR/100 kg) can be found at day 41. By contrast, the net income per m 2 per year offers a better picture about economic performance. Its value increases degressively and starts to fall progressively after day 42. The presented correlations are of general value, but concrete values are solely valid if technological and economic prime data are considered. Source: own calculation.
Note: 1 It also contains the weight of chickens removed on day 36. 2 Average daily weight gain = Average bodyweight/Weighted average age days×1000.
2 EPEF = (100-Mortality)×Average bodyweight/(FCR×Weighted average age days)×100.
Following the separate investigation of the effects of the down-time period and the length of the production period their joint effects should also be studied (Table 4 ). The highest value of the annual attainable net income (15.5 EUR/m 2 /year) can be realized if the production period is 41 days and the down-time period is 7 days. Reductions and increases in the production period both lead to income decline. The increase of the down-time period also lowers the volume of realizable income. Excessive, emergency rearing causes a drastic fall in attainable income. If the production period is longer than 46 days, the attainable income will not even achieve 10 EUR/m 2 with the exception of the application of the shortest possible down-time period. With a 16-day down-time period net income of 10 EUR/m 2 are not realizable, only when a 42-day production period is used. If this period is 14 days, net income exceeding EUR 10 can solely be attained if the production period is 38-44 days long. 
Conclusion
In contrast with the economic correlations presented above, it can be concluded that producers can primarily reduce the length of the down-time period. It requires proper work organization, technological discipline, adequate processing and hatching capacities (good connections) and favourable plant facilities. However, only limited production period related options are available for them. It is the processors who determine the required slaughter weight through the market, which concretely determines the length of the production period. The findings underline the fact that if slaughterhouse capacities and connections are not favourable and the scheduled (proper) date of animal removal is delayed by 1-2 days, it can significantly reduce the volume of realizable income for producers. This can significantly increase the risks for those producers which are not included in the integration network.
Nevertheless, it should be emphasised that within integration, in case of capital uniformity, processing companies are responsible to identify the right slaughter weight for the maximization of production chain income where a good combination of live performance and meat yield are critical. As Hughes (2012) underlined the days where live performance was the only thing that mattered in breed decisions are long gone. All these facts highlight the significance of research activities and investigations of the correlations in the production chain, value generation and the continuous monitoring of submarkets (Markovszky, In the processing phase of the production chain the key objective is to minimize the specific costs of processing, as this is the way to achieve the highest possible income if prices are given. This is the income which can and should be partly returned to broiler producers. Within integration, potentials are available to realize this. One way for the reduction of specific processing costs is the improvement of yield indicators in relation to processing technology and live weight per hook. This expressly means a shift toward valuable chicken breast in the case of heavier chickens. Naturally, due to the mentioned causes, high average weight is to be achieved under safe conditions, at a low mortality rate with a low FCR, during a short production period. This can merely be guaranteed by in-depth management knowledge, outstanding technological level, with constant, good quality chicks and feed. It means that simultaneous investments should be made into the knowledge base and the development of technological level as well. 
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